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FOREWORD

This research program consists of an integrated and inter-
related effort of basic and applied research in chemical
thermodynamics and thermochemistry. Knowledge of variation
of physical and thermodynamic properties with molecular
structure is used to select compounds for study that be-
cause of high ring strain or unusual steric effects may
have good energy characteristics per unit volume oy per
unit mass and thus be useful in the synthesis of high
energy fuels. These materials are synthesized, and their
thermodynamic properties are evaluated. In cooperation
with researchers at Wright-Patterson Air Force Base,
ramjet fuels currently in use are subjected to careful
thermodynamic evaluation by measurements of heat capacity,
enthalpy of combustion and vapor pressure.
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ABSTRACT

The research effort continues to be focused on high
density/high energy .ydrocarbons. In cooperation with
researchers at Wright-Patterson Air Force Base, heats of
combustion are measured for constituents of current ramjet
fuels and for finished fuvels; meanwhile, pure hydrocarbons
are synthesized for heat-of-combustion measurement whoae
unusual steric or strain energies may contribute to design
of high energy/high density fuels of the future.

Four pure hydrocarbons were st.died during the current
reporting period that were selected amcng the alkylnaph-
thalenes and indans that may exhibit unusual steric energies.
One unusual hydrocarbon, with very hich density and a "cage-
like" molecular structure, was also studied during this
period. This substance is undergoing preliminary testing as
an experimental fuel. Synthesis and purification of hydro-
carbons for future study are in progress at Oklahoma State
University. New equipment and procedures were developed for
application of the differential scanniry calorimeter on
measurements of heat capacity of fuels and their constitu-
ents.

Preparation is underway to study the heat of combustion of
several special liquid hydrocarbon fuels in cooperation with
researchers at Wright-Patterson Air Force Base.

Results of past and present research done under AFOSR
sponsorship were prepared for publication, and two journal
articles were published.
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RESEARCH PROGRESS

ENTHALPY OF COMBUSTION
a, Alkylnaphthalenes and Indans

Enthalpies of combustion were measured for four
compounds. Summaries of combustion experiments,
pictorial formulas, combustion reactions, and
rolar values of enthalpy of combustion and forma-
tion are given for l-ethyl-8-methylnaphthalene
(Tables 1 and 2), l-isopropyl-8-methylnaphthalene
(Tables 3 and 4), and 1,6-dimethylindan (Tables 7
and 8). Similar measurements have been reported
for 2-ethyl-6-methylnaphthalene,! a series of di-
methylnaphthalenes,? and 1,7-dimethylindan.?®

Synthesis of 2-isopropyl-6-methylnaphthalene and
l-isopropyl-7-methylindan are in progress in the
laboratories of Professor E. J. Eisenbraun at
Oklahoma State University. It is not yet possible
to make all of the gaseous state comparisons de-
sirable, but qualitatively it can be said that the
1,8-substituted naphthalenes are showving the ex-

pected high steric energies and tnat the 1,/-gubsti-
tuted indans are showing little or no steric effect.

This may yet be found with more alkyl group substi-
tution in the 1- position.

1

AFOSR Final Technical Summary Report, 1976-1977.
W. D. Good, J. Chem. Thermodynomics, 5, 715 (1973).
AFOSR Final Technical Summary Report, 1979-1980.
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TABLE 2. Derived Molar Thexrmochemical Values 2or
1-Ethyl-0-methylnaphthalene at 298.1% K

(calen = 4.184 J)
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TABLE 4. Derived Molar Thermochemical Values for
l-Isopropyl-8-methylnaphthalene at 298.15 K

(caly, = 4.184 J)

C1qB1g(l) + 18 Oz(g) = 14 CO5(3) + 8 H,0(1)

AEC*/M = =10101.08 CAL G~!

-10101.76

~10101.56

-10101.8¢

-10101.04

-10101.36

-10101.86

-10102.02

MEAN  ~10101.37

$TD. DEV. OF MEAN 20.13

lEc® = -1861.55 + 0.24 KCAL MOL™®

AHc® = -1863.92 + 0.24 Xcar wor~l

I+

lNfY - +0.69 + 0.30 XCAZ moL-l
€0, RECOVERY 99.96 = 0.01% (MEAN AND SDM)
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TABLE 6. Derived Molar Thermochemical vValues for
l-Isopropyl-6-methylindan at 298.15 K

ik

(calyy, = 4.184 J)

R s - 2 B
R i S
Y-

4

[s——"
T

i
O ]

b
: B [y 3
i e i

s S e ke S g sy S (e C I S
AR U . b A

> Zezund
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Ci3B1g(Ll) + 35/2 03(q) = 13 CO,(q) + 9 Hy0(1)

) iEC*/M = =10371.44 caL ™!
. -10372.34
N -10372.39
l -10373.50 :
-10373.46 ]

e it

=10372.66

PR

MEAN -10372.63
STD. DEV. OF MEAN £0.32

T P T T T e

_ AEc* = -1807.83 : 0.26 RCAL oLl !

0 SBE® = -1810.30 s+ 3.26 RCAL Mon~l y

'1vz SRE* = -27.00 = 0.30 XcaL Mon~l :
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TABLE 8. Derived Molar Thermochemical Values for
1,6-Dimethylindan at 298.15 K :
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b. High Density/High Energy Hydrocarbons

An unusual hydrocarbon with cage-like molecular struc-
ture, heptacyclotetradecane, was prepared and purified
in the laboratories of Professor Alan Marchand at the
University of Oklahoma. This crystalline material
of high density should have excellent characteristics
- as a solid fuel or in slurry or solution applications.
. Summaries of its combustion experiments, its pictorial
formula, the combustion reaction, and molar values of
enthalpy of combustion and formation are given in
Tables 9 and 10.
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TABLE 10. Derived Molar Thermochemical Values Zfor
Heptacyclotetradecane at 298.15 X

e il

1

(caly, = 4.184 )

B mirir [
4 L}
s,

R,

LA £
o il
oot 40
oS
N .
e M 1

kD

; ) %
TR ‘
%l ﬁ . C14816(c) + 18 0,(q) = 14 CO,(g) + 8 B 0(1) %
gl : § LEZ®/M = =10019.42 CAL/G ;
S ~10020.00

jft[ b ~10020.47

S -10019.35

i -10019.63 i
E;i ; -10019.50 :
B -10019.20 }
E_;' -10015.79 :
E‘l , MEAN -10019.68 CAL/G i
E( 1 STD. DEV. OF MEAN £0.15 CAL/G é
g,; ! AEG® =  -1846.46 : 0.24 KCAL/MOL

§~:i | AHC® =  -1848.83 * 0.24 KCAL/MOL 3
§~f1é } AHE® = =14.40 ¢ 0.30 XCAL/MOL ’

Ek

2]

CO, RECOVERY (99.90 & 0.01)8 (MEAN AND SDM)

12 ‘_




Chape .

Wv‘r'm TR T

]

——— et et

DA bl s LR R AL L St o
b i

e e e e k1wt e e o ke

L e e

’ -

Ty ‘I"l"‘f!' s a DAVEMMIAS o ok oM A il ML L sl T A
I R . ’ ! r
¢ . )
4 . ..
——————— . At = e ol et B e < D o et £

E g
i
£x4 n
e et i o S Pt -
AT

t i

B
L)

L ]
- ’

2. DIFFEKENTIAL SCANNING CALORIMETRY (DSC)

Measurements were not made on materials for this project
during the past year; however, new ejuipment and procedures
were developed for applications of the DSC to measurements
on such materials. The commercial cells used for DSC have
three severe limitations: (1) they cannot be filled to more
than 158, usually less, of the volume available for the
sample; (2) they cannot withstand more than 2 atmospheres

of internal pressure; and (3) they do not make good thermal
contact with the DSC head during measurements. For these
reasons, reusable screw-cap cells were designed and built

to obviate these problems. These cells were used to deter-
mine results reported last year on JP-10 and RJ-6. The cells
still had one deficiency which has been eliminated by a new
design. In the previous version, a sheet gasket was required
for sealing the cells. Upon sealing the sheet gasket was
extruded to form a wrinkle inte the interior volume of the
cell; this led to an uncertainty in the vclume available to
the sample. Equation 1 shows how the observed heat capacity,
clI, along the saturaticn line designated by o, depends on

the total volume, V', available to the total number of moles
of the sample, nT, of a pure substance.

. g nt nd
nc,” = +rﬁc -Two -T a ;E 5
v 1\ [d%
11, |2 AN M
G = (%o R ) + (nT 5 )T(3T7) o
L2, ot
Cp = Cq * Tag Yo/ (1)

dp
Yc"(af o

atn(ot)
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If the vapor pressure is small, the volume dependence is not
significant, but for pressures even near or above boiling,
this term can be a significant fraction of the measured
value. Fcr this reason, the cells were redesigned with a
cone-shaped seal so that only a ring gasket was required for
sealing, and thereby the internal volume of the sealed cells
can be determined by a simple measurement with a micrumeter.
Thus, appropriate corrections can be determined and made
with measurements from these cells.

4. PUBLICATIONS

Thermodynamic Properties of Cyclopropylamine, Cyclpentyl-
amine and Methylenecyclobutane by H. L. Finke, J. F. Messerly
and S. H. Lee-Bechtold. Journal of Chemical Thermecdynamice,
13, No. 4, 345-355 (1981).

Vapor Heat Capacity ard Enthaloy cf Vaporization of Six Miscel-

laneous Organic Compounds by I. A. Hossenlopp and D. W. Scott.
Journal of Chemical Thermodynamice, 13, No. 5, 405-414 (1981).
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